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Establishment of a neuronal system requires proper regulation of the F-actin-rich leading edges of migrating
neurons and neurite growth cones. A new study shows that RhoG signals through the multi-domain protein
anillin to stabilize F-actin in these structures.In order for you to read and comprehend
these words, your nervous system must
take in and process innumerable signals.
Your nervous system’s ability to perform
this task rapidly and accurately is
dependent on a highly complex neuronal
signaling network that was established
during your development [1]. The
generation and function of this incredibly
intricate system has been the focus of
decades of research. However, given the
complexity of the system, it is not
surprising that there is still much we do
not know.
An important early event in nervous
system development is the migration of
neuronal cells to specific locations within
the body. Once properly positioned, these
cells generate extensions called neurites
that ultimately develop into the axons and
dendrites that form the basis of neuronal
connectivity and communication [1].
Neurites are cylindrical cellular
projections that terminate in a growth
cone, which probes the surrounding
extracellular environment for guidance
cues that direct continued growth of the
neurite. Neurite growth is mediated by
actin polymerization at the leading edge,
and is polarized by engagement and
activation of growth cone receptors [2].
The cellular mechanisms mediating the
cytoskeletal responses to extracellularcues are not well understood. In a recent
issue ofCurrent Biology, Tian et al. [3] help
to elucidate the regulation of the
cytoskeleton in developing neuroblasts
by demonstrating a novel role for the
cytoskeletal scaffolding protein Anillin in
the regulation of the actin cytoskeleton
during neuronal migration and neurite
growth.
Historically, Anillin has been studied in
the context of cytokinesis. Cytokinesis is
the final stage of meiosis or mitosis, in
which a cell is physically divided. This
process is driven by the spatiotemporal
regulation of an actomyosin ring, called
the contractile ring, which forms at the
equatorial cell cortex upon localized
activation of the small GTPase RhoA.
Anillin is believed to scaffold many
components of the contractile ring as it
has been shown to bind F-actin, non-
muscle myosin, septins and plasma
membrane lipids, as well as regulatory
players including active RhoA [4].
Recently, however, Anillin has been
implicated outside of cytokinesis. In the
epithelia of Xenopus embryos, Anillin
regulates cell–cell junction integrity by
organizing the enrichment of actomyosin
and active RhoA [5]. Additionally, Anillin is
required in the nematode Caenorhabditis
elegans for proper ventral closure, a
developmental event in which theepidermal cells encase the ventral surface
of the embryo [6]. In the human body,
Anillin expression is highest in the central
nervous system, suggesting that it may
also be important for central nervous
system development and/or function [7].
Tian et al. set out to determine if Anillin
functions in neuroblast migration and
neurite growth by studying the Q
neuroblast lineage of C. elegans. The
translucent cuticle of the worm allows for
live imaging of neuroblasts in the intact
animal. C. elegans larvae initially contain
twoQ neuroblasts. Each Q cell undergoes
three rounds of asymmetric division. The
first division gives rise to two non-
migratory cells, while the subsequent
divisions produce one non-migratory cell
and three cells that migrate to well-
defined positions, where they differentiate
into interneurons and sensory neurons.
The remaining two cells undergo
apoptosis [8]. The authors first
determined the localization of the
C. elegans Anillin homologue ANI-1 by
performing live imaging of ANI-1::GFP
expressed under the control of a Q
lineage-specific promoter, which drives
expression specifically in Q neuroblasts
and their decendents. In non-migratory Q
cells, ANI-1Anillin localized to the
contractile ring in cytokinesis and the
nucleus during interphase, consistent2015 Elsevier Ltd All rights reserved R423
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Figure 1. Anillin stabilizes F-actin at the leading edge of migrating neuroblasts.
A schematic summarizing the model put forth by Tian et al. [3] that activation of MIG-2, a member of the
Rho family of small GTPases, recruits Anillin to the leading edge of migrating neuroblasts. There, Anillin
binds active MIG-2 and stabilizes F-actin. Stabilization of F-actin is achieved by Anillin’s ability to inhibit
both actin monomer dissociation and the F-actin severing activity of Cofilin. Thus, Anillin is important
for proper neuroblast migration and neuritogenesis.
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Dispatcheswith previous findings [9,10]. Interestingly,
however, in migrating Q cells and
extending neurites, ANI-1Anillin was
enriched at the leading edge and in the
growth cone, respectively. MIG-2, the
C. elegans homologue of RhoG, is
required for this localization and
physically interacts with ANI-1Anillin in a
yeast two-hybrid assay. Previous studies
had demonstrated that MIG-2RhoG is an
important regulator of Q cell migration
and neurite outgrowth and was indeed
named for its role in cell migration [11].
Given the specificity of ANI-1Anillin
localization, the authors sought to
determine the role of ANI-1Anillin in
neuroblast migration and neurite
outgrowth. The requirements for
ANI-1Anillin in early embryonic
development precluded the use of
standard knock-down techniques for
studying the effects of ANI-1Anillin loss
of function in Q neuroblasts [6,12].
The authors bypassed the early
developmental requirement for ANI-1Anillin
by generating a conditional ANI-1Anillin
knock-out using the CRISPR/Cas9
system of genome editing. CRISPR/Cas9
uses a guide RNA (gRNA) to target the
endonuclease Cas9 to a specificR424 Current Biology 25, R409–R430, May 1sequence in the genome, where it creates
a double-strand break. Inaccurate repair
mechanisms fix the break, frequently
disrupting the function of the targeted
gene [13,14]. The authors engineered
worm strains ubiquitously expressing a
gRNA targeted to the ani-1 locus, and
Cas9 expression regulated by either a
heat shock inducible promoter or a Q
lineage-specific promoter. This way, they
could specifically knock down ANI-1Anillin
after successful completion of embryonic
development. Using these conditional
ani-1 knock-out strains, the authors
demonstrated that loss of ANI-1Anillin can
significantly reduce the migration
distance of Q cells and perturb the
direction and extent of neurite growth.
Additional evaluation of cell morphology
in the ani-1 conditional knock-outs
showed that migrating Q cells form a
split leading edge and extend branched,
improperly oriented neurites during
neuritogenesis. These findings suggest
that ANI-1Anillin is important for both
driving and directing migration.
Normally, Q cell migration is driven
by extension of an F-actin-rich
lamellipodium. When the Q cell reaches
its final location, this lamellipodium8, 2015 ª2015 Elsevier Ltd All rights reservedcontinues to extend, forming the growth
cone of the neurite. To determine the
effects of conditional ANI-1Anillin loss on
cytoskeletal morphology, Tian et al.
examined F-actin localization during Q
cell migration and neurite extension by
live imaging of a fluorescent F-actin probe
(the actin binding domain of Drosophila
moesin tagged with GFP). In ANI-1Anillin
conditional knock-outs, the level of
F-actin at the leading edge is reduced
compared to controls. This finding led the
authors to hypothesize that ANI-1Anillin
stabilizes the actin cytoskeleton at the Q
cell leading edge.
To test this idea, the authors took a
biochemical approach and showed that
ANI-1Anillin can bundle F-actin as had
been shown for the Drosophila and
vertebrate Anillins [9,10,15]. Furthermore,
the authors showed that ANI-1Anillin
stabilizes F-actin via two mechanisms.
First, the F-actin binding domain of
ANI-1Anillin stabilizes F-actin by inhibiting
monomer dissociation. Additionally,
ANI-1Anillin promotes F-actin stability by
inhibiting the severing activity of Cofilin
in vitro. The C. elegans homologue of
Cofilin is UNC-60 [16]. Previous studies
have demonstrated a role for Cofilin in
regulating the actin cytoskeleton [17]. To
determine if UNC-60Cofilin regulates Q cell
migration and neurite growth in vivo, the
authors overexpressed a mutant form,
UNC-60CofilinS3A, shown in other systems
to be constitutively activated [18,19].
Overexpression of UNC-60CofilinS3A had
no affect on Q cell migration in control
worms, but enhanced the Q cell migration
defects in ANI-1Anillin conditional knock-
outs. In a complementary experiment,
Q cell migration defects caused by
overexpression of ANI-1Anillin::GFP were
rescued by co-expressing UNC-
60CofilinS3A, supporting the hypothesis
that regulation of UNC-60Cofilin by
ANI-1Anillin is important for Q cell
development. Collectively, these results
suggest that ANI-1Anillin inhibits the
F-acting severing ability of UNC-60Cofilin,
thus stabilizing F-actin at the leading edge
of migrating neuroblasts.
Together these findings strongly
support a model in which ANI-1Anillin is
recruited to the leading edge of migrating
Q cells and to the growth cones of
neurites by MIG-2RhoG. At the leading
edge, ANI-1Anillin stabilizes F-actin by
inhibiting the actin-severing activity of
Current Biology
DispatchesUNC-60Cofilin 9 (Figure 1). Tian et al. show
that ANI-1Anillin is an important regulator of
Q neuroblast migration and neurite
formation, two processes required for the
establishment of a functional nervous
system. Interestingly, Anillin expression
has been found to be upregulated in
certain cancers and its expression level
correlates with the metastatic potential of
many types of cancers [7,20]. These new
results suggest a function for Anillin in
metastasis: it could regulate cell migration
by inhibiting Cofilin and stabilizing F-actin.
Future work will uncover whether Anillin
plays a similar role in the cytokinetic
contractile ring and, conversely, whether
any of Anillin’s interactors in the
cytokinetic ring contribute to its roles in
cell migration in metazoan development
or cancer metastasis.
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An analysis of online charity donations reveals that, when males make large donations to attractive female
fundraisers, other males respond in kind, providing field evidence for ‘competitive altruism’ in which
helpful acts are used as a display to attract partners.How can it be adaptive for one organism
to help another? This is an enduring
question, and one that becomes
especially challenging in cases such as
charitable donations, where there may beno obvious return to a benefactor. One
potential answer comes from viewing
helpful behaviour as a display to
potential interaction partners. If
individuals differ in their qualities as socialor sexual partners, and if helping provides
an honest signal of these qualities [1],
then those who help more may be more
likely to be chosen. As a result, we can
expect competition between individuals2015 Elsevier Ltd All rights reserved R425
